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ABSTRACT 
The Lowermost Cambrian Clastic sequence has been studied in 
the Reading Prong of Pennsylvania and along its structural extension 
in Maryland, New Jersey and southeastern New York west of the 
Hudson River. The sequence lies between the Pre-Cambrian-
Cambrian unconformity and the thick Cambro-Ordovician Carbonate, 
Outcrops of Lowermost Cambrian in northern New Jersey, 
southeastern New York, south Pennsylvania and Maryland are con~ 
" 
sidered to be almost in place following geophysical and tectonic 
considerations, whereas their equivalents in eastern Pennsylvania, 
and western New Jersey a-ppear to have undergone slightly greater 
movement. A defolding mechanism is attempted, which would 
theoretically bring the recumbent fold section (para autochtonous) 
of the Lowermost Cambrian to its original position during the time 
of s ed imenta tion. 
External and internal geometry of the cla stic sequence have 
' been studied in detail, with particular accent on the lithofacies 
variation within the different formations of the elastic sequence. 
The results are summarized in a series of regional lithofacies 
analysis maps. The elastics."# which are over 4,000 feet in Mary-
land thin progressively north-northeastwa·rd to less than ten feet 
in many areas in northern New Jersey. Comparatively the shaley 
1 
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fraction decreases from over 40% of the cla stic sequence in Maryland 
to less than 5% in eastern Pennsylvania, New Jersey and southeastern 
New York. There is also a decrease in thickness southeast-south-
westward of the sandy and quartzitic units of the sequence. 
' ;I..,._,,, .. 
The study clearly shows that the source of this basal ·elastic 
sequence was a cratonic land northwest of the outcrops geographical 
positions. Two alternate modes of sedimeniation are proposed to 
account for the lithofacies variations and other sedimentary variations 
seen within the elastic sequence. 
2 
INTRODUCTION 
This is a report on tne geometr~/- of and lithofacies variations 
vvithin the Lower Cambrian elastic sequence exposed along the flank 
of the Readir.1.c Prona in eastern Per1nsv·lvania and its str1-1ctural .., .., -
extensions in northern New Jersey- and southeasterr1 New "':{ork, and 
in S()utherr1 Penns "'.ilvania and Ivfaryland. The Readinc Prone and ..., 
_, 
its strt1ctural extensions 1n general, are the sites c>i the mc)st westerl:l 
Pre,-Carn.brian exposures in Penns~1 lvania, Mary-land, NeTlv Jerse~/ and 
N -,: .. •. 
_ ew r or.<. Throughout most of this area, the southeastern edge of 
the Reading Prong structure is bounded by" the Triassic ;:order fault 
and sed.iment.s of the Triassic Newark Series; the north.eastern edge 
:)f the strt1ct"L1re is marked oc.tcroos of the Lower Cambrian elastics, 
the subject c)f this stt1d}r. 
The structure and srructu.ral genesis of the Reading Prong has 
Long been a suDject of considerable dispt1te (R~/an, et al., 19 61). 
Tv1iller (1944) and some others considered the Pre-Cambrian. rocks of 
the Hills to be essentially .. at1tochthonous masses brought to the sur-
face b\l high angle block-faulting (followed, of course, D~i later 
erosi.on of overl~/ing rocks). Stose and Jonas (1935), on the other 
hand, believed the Pre-Carn.brian rocks to be Klippen, ::Jverlying 
Paleozoic carbonates. 1-riore recentl~l, Drake (1961, 1967) has sup-
ported the view that the various masses of Pre-Cambrian rocks in the 
Prong are indeed Klippen, although he does not suggest.movement 
3 
·, .... · ,, 
i 
J 
on the same order magnitude as that suggested by Stose and Jonas. 
The Lower Cambrian elastic units appear to have moved in the 
manner as the Pre-Cambrian rocks. 
It is the purpose of this study to investigate lithofacies 
variations and other sedimentary variations within the basal 
Cambrian elastics based on the latest structural interpretation 
of the Prong. The investigation was begun in the summer of 1973. 
It is based largely on the study o'f published information on the 
geology of the area concerned. In addition to the study of published 
material, the writer carried out limited field work in New Jersey, 
southeastern Pennsylvania, and Maryland. 
• 
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GENERAL STATEMENT 
" Agreement on wh.at constitutes the base of the Cambrian in 
th·e c·entral and Southern Appalachian has not yet been reached 
between paleontological stratigraphers and sedimentological 
stra tigraphers. It was proposed by the Cambrian Subcommittee 
(Howell et al., 1944, Wheeler, 1947, and Snyder, 1947) to limit 
the base of the Cambrian to those horizons containing recognizable 
Lower Cambrian fossils. Thus, in general, paleontologists have 
placed the Lower Cambrian base at the level of the lowermost 
Scolithus - bearing uni ts. ·'Units underlying the Scolithus -bearing 
rocks are considered to be Pre-Cambrian. On the other hand, on 
the basis of evidence of the presence of an angular unconformity 
at the late Pre-Cambrian surface and a change in sedimentation 
pattern the~eafter, sedimentological stratigraphers place the base 
of Cambrian at the Pre-Cambrian erosional surface. This discussion 
is fortunately not the subject of this controversy. Nevertheless 
the writer during his field work has noticed within the Lower Cambrian 
Cla stic Sequence a conformable sedimentary sequence which contrasts 
··", 
with the unconformity seen at the base of the- sequence. This led him 
to consider the base of Cambrian on sedimentological grounds. 
5 
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LOWERMOST CAMBRIAN: 
REGIONAL STRATIGRAPHY 
Stratigraphic correlation within the basal Cambrian elastic 
sequence in the area of investigation has been based prima.ri.J.y on 
lithological similarity and stratigraphic position. Many nomencla-
tural difficulties are encountered in the literature, as different 
names are applied to the formations in different geographic ar-eas. 
~ 
A summary of stratigraphic units of the basal Cambrian elastic se- = 
c, 
quence present in Maryland, Pennsylvania, New Jersey and south-
eastern New York, west of the Hudson River as used. in this report is 
presented in Table 1. 
The name Chilhowee Group as used in this report and in other re-
cent reports on the Appalachian Cambrian elastics (Fauth, 1968, 
Schwab, 1970, 1972) applies to the basal Cambrian elastic sequence 
in South Mountain (Maryland - Pennsylvania) and in the Reading· Prong 
(Pennsylvania - New Jersey - southeastern New York). The name was 
first applied by Safford (1856) to a Scolithus linearis - rich thick group 
of shales, sandstone and quartzose layers composing Chilhowee Moun-
tain, in Sevier and Blount Counties, Tennessee. The name was later 
extended into Virginia by Butts (Keroher, 1967) where the group is di-
vided into four formations: Loudon Formation (and its equivalent (Uni-
coi) Weverton, Sandstone, Harpers shales and Antietam Sandstone. 
In more recent literature (Schwab, 1970, 1972), the name is extended 
6 
to apply to the formations shown (Table 1) in Maryland, Pennsylvania, 
.v 
New Jersey and southeastern New York. 
!i 
7 
. . 
., 
Maryland and York County, 
South Pennsylvania .. , 
Pennsylvania 3) 
1), 2), 3) . 
Antietam Quartzite Antietam Quartzite 
Harpers Formation Harpers Formation 
Weverton Quartzite Chickies Quartzi tes 
Loudon Formation and Hellam Conglom-
erate Member 
1. Cloos (19 51) 
2. Stose and Stose (1946) 
3. Stose and Jonas (1939) 
4. Bascon and others (1909) 
5" Miller (1941) 
6. Aaron (1969) 
7. Broughton (1962) 
Philadelphia district: Eastern Penn- Eastern 
Pennsylvania 4) sylvania and New York 
New Jersey 7) 
Highlands 
5), 6) 
. 
Chickies Quartzite Hardyston Poughquag 
and Hellam Conglom- Forrna tion Orthoqua rtz-
era te Member ite 
TABLE 1. THE CHILHOWEE GROUP: Stratigraphic units in Maryland r Pennsylvania, New Jersey and 
southeastern New York. 
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-LOWERMOST CAMBRIAN OF THE READING PRONG PENNSYLVANIA - NEW JERSEY - SOUTHEASTERN NEW,.YORK 
Occurrence: 
The Reading Prong extends from west of the Hudson River in 
N.ew York to the City of Reading, Pennsylvania. It is composed of 
a series of nearly parallel northeast-southwest Pre-Cambrian ridges 
separated by Pqleozoic valleys (see Tectonic Map of the United 
States, 1962). Where the Lowermost Cambrian elastic sequence 
crops out, it is generally associated with underlying Pre-Cambrian 
metasedimentary rocks. The Reading Prong is bordered on its North 
side by the Great Valley. The Hardyston Formation crops out along 
the edge of the Valley and the Prong, and also occurs in small areas 
within the Triassic Lowlands where it has been brought to the surface 
by faults, and South of the Triassic Basin in Chester Valley. Outcrops 
are generally scarce and few good ones have been found by the writer. 
'I. ·"•I' 
Where the sequence cro,ps out, it is usually thin, with thickness 
ranging from a few inches to 600 feet. Here are some illustrative 
figures of thickness variation: 
1) Reading area, Pennsylvania (Geyer and others, 1967): 250 - 600 feet. 
2) Delaware Valley, New Jersey, Pennsylvania (Drake et al., 1961, 1965, 1967): 100 feet. 
3) New Jersey (Lewis and Kummel, 1915): 5 - 200 feet. · 4) Eastern New York (Broughton and Others, -1962): 250 feet. 
10 
.,,, 
His torica 1 review: 
In his report on the geology of Pennsylvania in 1858, Henry D. 
Rodgers recognized the "Primal Sandstone" at the base of the Cambrian 
sequence. He described the sandstone as a compact, fine-grained 
white and yellowish vitreous sandstone with specks of kaolin. He 
also described the well known Scolithus linearis as a stem-like 
fossil crossing the beds at right angle. The sandstone was assigned 
a thickness of approximately 300 feet. In a section on the "Strati-
fication of the South Mountain"", he outlined an unconformity at the 
base of the Primal Strata, immediately above the underlying gneiss. 
In this report, he also mentioned the existence of a conformable 
sequence between the Primal and the overlying .. Auroral Magnesian Lime-
stone 11. Unfortunately, due to their lithological similarity-, he mis-
takenly supposed the Primal Sandstone to be the equivalent of the 
I 
Potsdam in New York State. This mistake was carried in later reports 
by Prime (1875, 1878). Prime even questioned the unconformity at the 
base of the "Primal 0 , here referred to as Potsdam Sandstone, stating 
that it is possible that the so-called gneissic rocks which seem to 
underly the sandstone conformably are in reality Lower Potsdam. The 
controversy disappeared following the discovery by C. E. Beecher 
(1890) of Olenellus ln the upper beds of the basal sandstone. Using 
-
the pres~nce of Olenellus fauna, Foerste (1893) traced the basal 
Cambrian sandstone in southern Vermont, in New Jersey, and in eastern ~ 
Pennsylvania. The results led h.im to the conclusion that "these 
sections represented the main lithologic ,features, of eastern early 
Paleozoic. geology"(Foers te, 189 3 p. 4 44 ) • In 189 6, on the bas is of 
11 
' '. =--· 
the presence of an Olenellus fauna, the correctness of this correlation 
was established by Walcott who concluded that "the basal sandstone 
of Alabama, Tennessee, and Virginia (Chilhowee Quartzite ) ; ~aryland, 
Pennsylvania, and New Jersey (Reading Quartzite); New York and 
Vermont (Bennington ·Quartzite), were all deposited in the Lower 
Cambrian time" \Walcott, 1896, p. 33). i 
... 
• 
12 
D 
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LOWERMOST CAMBRIAN OF SOUTH MOUNTAIN 
Occurrence: 
The South Mountain Anticlinorium in Maryland is the main fold 
at the northern end of the Blue Ridge anticlinorium extending north-
ward from Virginia. South Mountain extends into southern Penn-
sylvania but dies out a few miles beyond Carlisle. The structure 
is marked by a series of northeast - trending ridges separated by 
narrow valleys. South Mountain is bordered on the west side by 
the Cumberland Valley and on the ea st side by a series of normal 
faults bordering the Triassic basin. 
The Lowermost Cambrian of the South Mountain area consists 
of a sequence of elastic sedimentary rocks belonging to the Chil-
howee Group. This sequence is seen along a nearly continuous 
belt of outcrops from Tennessee to Pennsylvania (Schwab, 1972). 
' 
The basal.formation of the group, namely the Loudon Formation, 
rests unconformably on Pre-Loudon metavolcanics which are gen-
., erally agreed to be Pre-Cambrian in age (Cloos, 1951). Overlying 
the Loudon is a conformable sequence of Lower Cambrian formations: 
the Weverton Formation, the Harpers Fdrmation, and the Antietam 
. .,, 
Formation. In southeastern Pennsylvania, south of the Triassic 
' basi.n, the base of the group is defined by the Hellam Conglomerate 
-member of the Chickies Formation. The sequence grades upward 
conformably into the Harpers Formation and the overlying Antietam 
Formation. 
13 
THE CHILHOWEE GROUP: STRUCTUAAL CONSIDERATIONS 
General Statement: 
In the following section the Chilhowee Group will be considered 1.. •· . 
. 
. with respect to its present geographic position and its present 
structural relations with the underlying Pre-Cambrian and overlying 
Cambro-Ordovician limestones. On the basis of structural and 
geophysical considerations, a reconstruction of its Pre-Taconic po-
sition will be presented later. 
Eastern Pennsylvania and Western New Jersey: 
The ridges of the Reading Hills of Pennsylvaniq. were first 
regarded as uplifted Pre-Cambrian gneiss ridges (Rodgers, 1858; 
Prime, 1883 and others). The similar views of Miller have been 
previously cited. These views were unanimously shared until De-
cember, 1934 when George W. Stose and Anna Jonas introduced the 
"Great Overthrust Theory", regarding the Reading Hills as a 11 Great 
overthrust sheet composed of Pre-Cambrian rocks and Hardystone 
Quartzite" (Stose and Jonas, 1935, p. 762). In a later paper pub-
lished in 1940, they supported this idea with a gravity determination 
conducted in the vicinity Bethlehem which indicated the allochtonous 
character of the Pre~Cambrian crystalline rocks. The overthrust 
theory was vigorously denied by Miller (1944) who, following a 
series of deep drillings in the Reading Hills, came to the conclusion 
14 
' 
that the Pre-Cambrian was not unconformably over the Lower Cambrian, 
,. 
,, 
Limestone but, rather, was brought to the surface by normal faults. 
Much later, Drake and his co-workers (1961, 1967) again suggested 
the criti~al role of low angle thrust faults and overturned folds in 
,fr 
the structure of the Reading Hills. Their work led them to the con -
clusion that the crystalline ridges seen in the Reading Hills are al-
lochtonous. 
Figure 1 is a combined tectonic map and Bouguer anomaly 
map of the Reading Prong and South Mountain; this map shows a 
' 
negative gravity anomaly over the Prong, supporting Drake's view. 
As Ryan (1961, p. 30 ) pointed out, this interpretation "does not 
necessarily mean a return to the concept of a ~great Reading Over-
thrust". The tectonic mechanism which gave rise to the Prong is 
illustrated in Figure 2. This pattern explains the existence of 
:r, both high angle and low angle faults seen in the Prong. 
Based on this interpretation, the author attempted a theo-
retical defolding of the recumbent folds in order to obtain the 
normal Lower Cambrian stratigraphic sequence. At the prese.nt date, 
there is certainly no agreement among various authors as to how much 
displacement has taken place. Data are still needed to clarify the 
matter. Nevertheless, on the basis of the position of the klippens 
North of the Triassic borderfault and the para-autochtonous Lower 
Cambrian outcrops such as in the Buckingham Mountain and in Mine· 
Ridge Anticline, it seems to this author that the maximum displace-
ment possible was from a line roughly along the middle of the Newark 
Bas in. 
,. 
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Northern New Jersey and Southeastern New York Area: 
area: 
Four outcrops were studied within the New Jersey Highlands 
1) An exposure near the village of High Bridge. 
2) The Califon Quarry. 
3) An outcrop in Franklin area, along Wildcat road, near 
the golf course. 
4) A drill core from Franklin area made available through 
Frank Markewici, New Jersey Geologica 1 Survey. 
The thickness of the Chilhowee Group here stands between 
one foot in the Califon Quarry and about 15 feet in the Franklin area. 
The Chilhowee is overlain _by a thick blanket of Cambra-Ordovician 
limestone kno·wn as the Kittatinny Limestone. Contrary to what is 
noted in eastern Pennsylvania, there appear to be no shearing out 
of the Hardyston in New Jersey. Evidence of low angle thrust fault-
ing to support the allochtonous origin of the Prong is not seen in 
New Jerseyr. Moreover the Bonguer gravity anomaly map of the Prong 
shows a steep gravity increase from -40 to -10 suggesting that the 
Prong which actually lies on the deficit mass zone is certainly not 
far from the root zone. This suggests that the Prong exists as an 
overturned anticline with little or no transport on the Northern 
.. autochtonous,. zone, and with only a slightly greater movement in 
the southern "paraautochtonous" area of recumbency. Therefore, out-
. crops of Lowermost Cambrian in northern New Jersey and New York 
herein will be considered to be almost in place. 
South Mountain Area in Pennsylvania and Maryland: 
South· Mountain of Maryland and southern Pennsylvania has 
been considered as a westward-overthrust anticlinorium (Stose and 
20 
•. 
Stose, 1946). Other workers however have found little or no evidence 
· of a far-traveled allochton. The steep increase from -70 to O of the 
Bouguergravity anomaly noticed over the Ridge supports a rather. 
autochtonous nature of the Ridge. This again would be suggestive 
of an overturned anticline whose west limb probably overlies younger 
and less dense Paleozoic sediments, while the eastern limb has not 
been transported o,'er a plane of dislocation. Stratigraphic sections 
of the Chilhowee Group in South Mountain will therefore be consider-
ed to be located fairly close to their original place of deposition. 
In summary, the Chilhowee Group in southeastern New York, 
New Jersey, Pennsylvania and Maryland can be considered to be 
approximately in place, with the exception of beds over or east of 
the recum.b.ent fold in eastern Pennsylvania and western New Jersey 
where the group appears to have mov~d some distance along with the 
Pre-Ca111brian over the Cambra-Ordovician dolomite and limestone 
formations. The recumbent fold section of the Chilhowee Group can 
therefore be theoretically defolded along a fold plane parallel and 
within the Tri~ssic basin. In the following sections the Chilhowee 
Group will be considered to be nearly in place. 
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T}iE CHILHOWEE GROUP: INTEPRETATION 
External Geometry: 
The geographic distribution of the group can be seen from Plate 
1 compiled from the geologic maps of New York, New Jersey, Penn-
sylvania, and Maryland (1:250, 000). At present time, it is still 
impossible to gather enough stratigraphic informations for a final 
tridimentiona·1 integration of observation on thickness. This was 
beyond the means and the purpose of the writer. The isopachous 
map shown in Figure 3 has been obtained through compilation of pub-
lished data. The map shows the group in its original hypothetical 
position, prior to the raconic orogeny; it is over 4,000 feet thick 
in its southeastern section ,in Maryland, and thins slowly north-
eastward. 
Interna 1 Geometry: 
Two rnaj or elastic sequences are known here: on the one hand 
sandstones and quartzites which generally thicken northeastward; 
on the other hand, there is a shaley and phyllitic sequence which 
pinches out to the northeast. The following section focuses on the 
lithology of the different formations with particular reference to verti-
~ 
cal and l~teral grading. 
Loudon Formation 
The Loudon Formation was named by Keith (1894, p. 324)-from 
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Loudon, Virginia, where the fo.rmation outcro·ps along th~ Catoctin 
Mountain. This basal unit of the Chilhowee Group was then describ-
ed as a sequence of sedimentary rocks, pure limestone, shale, 
·-
sandstone and coarse conglomerate (Keith, 1894). The formation is 
rather irregular; nevertheless the lowermost beds are generally 
meta volcanic sediments. 
In Washington County, Maryland where the Loudon Formation 
was extensively studied by Cloos (1951), the formation starts with 
a basal coarse conglomeratic bed with interbedded slates or phyllites, 
and grades upward into feldspathic quartzites. North of this locality, 
in Caledonia Park, Pennsylvania, the basal bed becomes phyllitic, 
overlain by a conglomeratic member (Fauth, 1968). At the Northern 
end of South Mountain, in Mount Holly Springs Qu.adrangle, the Lou-
don lithology is a muscovitic Qearing quartzite overlain by a 
muscovitic phyllite (Freedman, 1967). 
The alternatiqn of conglomeratic beds and phyllitic· beds suggests 
a very gentle subhorizontal and irregular Pre-Cambrian surface which 
was partly submerged by a very shallow advancing Lower Cambrian 
sea. Conglomeratic beds derived from the erosion of local monad-
nocks. The conglomeratic members are rich in rhyolitic rr1aterial 
also derived from the erision of the underlying Catoctin Formation 
(Fauth, oral communication). From Catoctin Mountain in rv1aryland to 
South Mountain in Pennsylvania, the Lower Conglomeratic bed migra-
tes upward, and no more conglomerates are found to the north in the 
Mount Holly Springs section. The discontinous phyllitic bed describ-
ed by Whitaker (1951) at the base of the Loudon Formation close to 
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the Maryland-Virginia border, due to its hig_h proportion in sericite, 
is believed to have been originally a tuff. · This w_puld suggest that 
the bed deposited in upockets-" on the irregular Pre-Cambrian surface 
during a late Pre-Cambrian - Early Cambrian volcanic activity, 
prior to the Early Cambrian sea transgression. Figure 4 is an . 
. 
illustration of facies changes within the Loudon . 
. A 
Weverton Formation 
The Weverton Formation was named by Keith (1893) for its 
exposures near Weverton, Maryland, in the Potomac gorge. It 
overlies the Loudon throughout South Mountain. This lithologically 
complex unit is a series of gray and purplish feldspa.thic sandstones, 
quartzites, and conglomerate (Stose, 1932). The basal unit i.s com-
prised of course grained phyllitic and quartzose graywackes (Fauth, 
.,, 
1968); the unit seems to have been squeezed and the pebbles are 
unidirectionally printed (Figure 5). This unit grades downward into 
the underlying Loudon Formation with an increase in size of the 
pebbles. It is very rich in rhyolitic pebbles, making its contact 
with the Loudon, hard to.define. The upper beds are gray, light 
green and purplish feldspathic sandstones, conglomerates and 
quartzites. Well developed cross-bedding is characteristic of the 
formation (Figure 6) . The Weverton grades upward into the 
argillaceous Harpers Formation. No fossils are known to occur in 
,. 
this formation (Stose, 19 32, p. 4 3). 
Chickies Formation 
The term Chickies is used only to describe quartzitic sand-
"'" 
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Loudon Formation 
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Figure 6 
\j 
Photomicrograph of the Weverton Formation 1n 
southern Pennsylvania 
Cross - bedding 
hand specimen 
in the Weverton Formation, 
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Figure 8 Photomicrograph of Antietam Formation in Mount Holly Springs Quadrangle, Pennsylvania 
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stones in the Piedmont province, between the Triassic Lo\vlands 
and the Martic line. This formation was named by Lesley __ and 
Fraser in 1878 (Stose and Stose, 1944, p. 6) for its exposure at 
Chickies Rocks, along the East bank of the Susquehanna River. 
In this area, the formation represents the lowermost unit of 
the Chilhowee Group. All exposures are characterized by a lower-
most conglomeratic bed known as the Hellam Conglomerate. At 
the Hellam Hill where it crops out, it is a 600 foot thick quartz 
conglomerate with rounded quartzite and interbedded chlorite 
schist. The overlying uppermost member can be divided into two 
contrasting lithologic units: the Chickies Quartzite, extending 
north of Hanover-York va1lley, Pennsylvania, and the Chickies 
slate found south of the vglley (Stose, 1934, p. 34). Figure 7 
illustrates the lateral correlation between these two lithologies. 
The phyllitic lithology, essentially concentrated south of 
Hanover - York Valley, pinches out to the northeast and the north-
west and Chicktes becomes a clean quartzite. Within the Chickies 
appears Scolithus linearis, the earliest recognizable fossil in the 
Lower Cambrian elastic sequence (Stose, 1939, p. 42). 
The Chickies Quartzite grades upward into the Harpers 
Formation. On the basis of its lithology, the basal conglomeratic 
bed of the Chickies, the Hellam Conglomerate, can be correlated 
with the conglomeratic Loudon Formation. Both beds have similar 
stratigraphic position and a fatrly similar lithology. 
Harpers Formation 
The Harpers Formation was first described by Keith near Harpers 
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Ferry, Virginia where he described the formation as a shale (Keith, 
1894). A thick quartzite unit was later found within the formation, 
and names the Montalto Quartzite (Stose, 1939). 
The formation is described by Cloos (1951, p. 33) for occurrences 
along U. S. 40 west of South Mountain summit: In this area, it is 
predominantly a shale . Field ~vidences in this same area suggest 
that the well banded shaley sequence grades upward into a rather 
silty unit where one can see lenses of co'urse grained sandstone 
parallel to the bedding. This unit shows imprints of Scolithus 
linearis oriented perpendicular to bedding planes . To the south 
in Maryland, it is essentially a finely laminated, argillaceous 
phyllite (Whitaker, 1955, p. 336), becoming progressively more 
quartzitic northeastward with the appearance of Montalto Quartzite 
in south:ast Pennsylvania. The Harpers pinches out eastward. 
Antietam Formation 
The Antietam was first recognized by Keith (1892) along a 
tributary of Antietam Creek, in Washington County, Maryland 
(Schway, 1970, p. 355). It was later named the Antietam Formation 
by Keith, Williams and Clarke (Schwab, 1970). 
The Antietam is well e~posed in South Mountain, Maryland. 
This upper unit of the Lower Cambrian quartzose ·series crops out in 
a series of high crests and ridges along the Blue Ridge (Schwab, 1970) 
where it is seen along the ridges held up by Cambrian Clastics. It 
also appears south of the Triassic Basin where it is found along 
the northeast plunging end of the High Rock anticline of Pigeon Hill 
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Figure 9 Photomicrograph of the Montalto quartzitic member 
of the Harpers Formation in Mount Holly Springs Quadrangle, Pennsylvania 
31 
/ 
) 
(Stose, 193~). The general lithology is a gray, whitish, coarse-
grained sandstone. In an abandoned quarry near Black Gap, 
Pennsylvania, it is a whitish to yellowish weathered sandstone; 
at this locality long tubes of Scolithus linea~is can be followed 
over a vertical distance of three to four feet. They are per-
" 
pendicular to the bedding planes, and have an average diameter of 
3.5 mm. Cross-bedding is well exhibited within the formation. 
Further north in Mount Holly Spring Quadrangle, the formation 
is a tr:.ie quartzite; the top unit here is a white clean quartzite over-
lying a bluish quartzite bed. At this locality, the underlying 
Harpers Formation contains a thick ferruginous quartzite, the 
Montalto member. Unlike the Antietam, this unit shows lenticular 
spots of iron oxide (Figure 9) . 
The Antietam which has an average thickness of 800 feet in 
Adams County (Stose, 1932), decreases in thickness eastward. The 
writer believes that the formation pinches out southeastward in Mary-
land near Thurmont where the underlying Harpers comes into contact 
with overlying limestones of Middle Cambrian Age. 
Hardyston Formation 
The Chilhowee Group is represented by the Hardyston Formation 
in the Reading Prong area of Pennsylvania and New Jersey. As shown 
in previous sections, the first studies of the basal Cambrian elastic 
sequence led geologists such as Henry D. Rodgers to correlate it 
with the Middle Cambrian Potsdam sandstone in New York. Later 
the formation was proven to be of Lower Cambrian age (Beecher, 1890). 
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Figure 10 Outcrop showing the Pre-Cambrian-Cambrian 
unconformity and the Lower conglomeratic 
member of the Hardyston Formation overlain by 
the Leithsville Limestone 
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The name Hardystonville was first applied to the formation by Wolf·· 
· and Brooks following their work in 1897 in Sussex County, New Jersey. 
The formation was later named Hardyston by Kummel and Weller 
(1901, p. 10-12). 
• 
Outcrops of the Hardyston can be seen in many places along 
. 
the Reading Prong in narrow bandw)on the steep slopes of the Pre-
Cambrian ridges. The general lithology is ~ sandstone to quartzite. 
The formation begins with a lowermost conglomeratic bed ranging in 
thickness from O to 25 feet. This bed generally grades upward into 
fine-grained sandstone or quartzite. In eastern Pennsylvania, 
the upper bed is usually absent, in places sheared out with the 
conglomeratic bed comtng in contact with the overlying limestone. 
Such a relation is seen along Bushkill Creek section in Easton, 
Pennsylvania (Figure 10); the upper sandstone and quartzitic beds, 
less competent, were sheared out during the folding. Such relations 
were not found in the Lower Cambrian of northern New Jersey. In 
some places in Pennsylvania, the upper bed or both are absent, ap-
parently because of non deposition. 
The IJower conglomeratic bed also is not always found in the 
Highlands of New Jersey where the fine-grained quartzitic member 
usually lies directly above the Pre-Cambrian. Markewicz(oral 
communication) suggests that the Lower Conglomerate bed in 
fact occurs only locally; and when it does occur, it seems to fill 
"pockets II on the Pre-Cambrian erosional surface. In many cases 
the Hardyston pinches out and the Pre-Cambrian comes directly in 
contact with the Kittatinny Limestone. This might suggest that some 
34 
of the Hardyston was wa·shed away prior to the deposition of the 
Kittatinny Limestone. One outcrop in Franklin County, New Jersey 
shows an i,ntertonguing of the Hardyston sequence with the Cambro-
Ordovician Kittatinny Limestone {Figure 11). This intertonguing 
suggests that thicknesses of the Hardyston qs they are recorded in 
the Highlands of New Jersey probably represent original thicknesses 
of this formation,· and that the absence of the Hardyston should 
rather be viewed in term of its non deposition during the Lower 
Cambrian· time. Moreover this intertonguing might suggest that 
some of the Hardyston is Lowermost Middle Cambrian, or that some 
of the basal Kittatinny is of Uppermost Lower Cambrian Age. 
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Figure 11 Hand specimen of the Hardyston-Kittatinny contact 
in Franklin area, Northern New Jersey 
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PALEONTOLOGY-
<! 
The age of the Chilhowee Group was not conelusivelv de-
termined until the discover\?" :>f Olenellus in the TJpper beds of 
the sequence (Foerste 1893). This foss11 and Scolithus linearis 
are tne :>r.i.l\- tvv0 conclusive forms known 1n this o,:>orl\,,. fossil-
- J. 
iferous group (Hohl, 19 64, p. 11) . 
. , 
Scol.ithus linearis tubes occ·ur in some f,:>rmations within 
tne group (as will ce seen. later), almost alwa~.rs orien.teci 
r1Jrrr1cl t:> the :::eccir1g :Jlanes. Exceptionall~:7, tnei.- are :<nown ...... . 
to be within the ciea~Jage plane (Hohl, 1964) ~vvhere\trer cleavages 
are dev-elooeci. This f.Jrm has co:nm,onl\r 2een considered tote 
earl-l Carn.brian; nowever 1t has been reported also id the Or-
covicia=-i of Texas (Hohl, 1964). The stratigraphic position of 
~ the form in 1:his area, 1. e. ~ncer the Lower Cambrian. Olenellt1s 
rich ... 4ntietam Formati:Jn leacis to the conclusion. that it 1s here 
c)f Lower Cambrian ace. 
_, 
The nature of the marine worrn pr·Jducing this structure has 
ceen enig:natic for 'JVera century. As reported b~1 Hohl (1964), 
this f (Jrm wa s first co ns id e red to be a P la n t ( 18 4 7) , aft er a 
Sponge (18 69), later the trace of Brachi0pode pedicles (18 72), 
later a Phoronid (1934), and by 0ne author the trace of escaping 
bubbles (1915). Recent opini8n places this fossil in the phyl-
. 
lum Annelida ·as an a,ncestot to the modern "sand worm", genus 
Sa be Ilaria . 
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Implication of this fqssil occurrence within the chilhowee 
Group will be deduced on the light of this new development·. 
The worms genus Sabellaria are among the reef builders. They 
build individual tubes with sand grains glued together (Gunnar, 
1971), forming enormous aggregations within intertidal zones 
where huge layers of tubes appear arranged in parallel. rows . 
Description of genus Sabellaria life assemblage fits with the 
field description of Scolithus linearis, suggesting that this 
ancestor probably developed in a similar intertidal zone, 
where it contributed actively in reef building during the depos-
ition of the Chilhowee Group. 
Field evidences so far collected (Stose, 1939) lead to 
the belief that the lowermost Scolithus Zone first appears in 
the Chickies, South of the Triassic basin, then migrates ver-
tically west and northward in the overlying formations. If 
the reef building biological activity can be attributed to 
. 
Scolithus linearis, one can then picture a series of southwest-
northeast trending Scolithus worms reefs built along the South 
Mountain, Maryland area and the Reading Prong area of Penn-
,f 
sylvania by the close of Chilhowee times and prior to the time 
of Lower - Middle Cambrian carbonate sequence deposition. 
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SUMNIARY OF CHILHOWEE STRATIGAAPHY 
Twenty-six stratigraphic sections have been selected to con-
struct a Lower Cambrian isomeric fence diagram covering the area 
from Harpers Ferry, Maryland to New York City, New York. The 
base maps used are the Geologic Map of Maryland, 1968, the 
Geologic Map of Pennsylvania, the Geologic Map of New Jersey 
~ . 
and the Geologic Map of New York. The datum plane is the base 
of Tomstown Formation (and equivalents) and the sequence covered 
extends down to the Precambrian unconformity. The external 
geometry of the sequence has been considered in a previous para-
graph and will not be discussed here. 
The base of the Chilhowee Group is a metasedimentary and/ 
or metavolcanic sequence characterized by the presence of 
conglomerates and pebbles. The grain size of conglomerat~s 
decreases upwards and the sequence passes into a homogenous 
sandstone which lithologically includes the Weverton and the 
Upper Chickies. The Harpers Formation lies on this sandstone 
in the South Mountain Maryland area and in an area south of 
the Triassic Newark Basin in Pennsylvania. The shales and 
phyllites of the Harpers Formation pinch out westward in south 
Eastern Pennsylvania, and pass into the Montalto Quartzite 
in Adams County. On top of this formation ries the Antietam 
Quartzite which is lithologically equivalent to the Hardyston 
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upper beds in the Reading Prong area. 
An examination of the shale plus phyllites percent elastic 
isoliths in Figure 13 readily shows a decrease in shale ·and phyllites 
as we go northward. The shaley sequence, which represents.al-
most 40% of the Chilhowee Group in Maryland area, drops down 
to less than 5% along a front going from Womelsdorf, Pennsylvania, 
to Northampton County, Pennsylvania, and Trenton, New Jersey. 
This gradient is the reverse of the sandstone - quartzite gradient, 
and despite local minor elastic sediment sources revealed by a 
quartz/feldspar ratio plot shown in Figure 14, supports a North-
westward provenance of Clastics during Chilhowee sedimentation. 
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CHILHOWEE SEOIMENTATION 
From the previous discussions, the question is raised as 
to the mode of sedimentation which gave rise to the Chilhowee 
sedimentary sequence. Two models are proposed below which 
can account for this model of sedimentation. 
It is possible that slow subsidence of the depositional 
basin could have taken place during sedimentation inland and 
offshore, the thickness of sediment accumulation seaward 
(Maryland-Southeastern Pennsylvania) being greater than that 
closer to shore (eastern Pennsylvania - New Jersey - south-
eastern New York). This model can be applied, assuming over-
all gentle relief in the cratonic source area to allow shaley .,. 
sedimentation off shore in the South Moun ta in area. 
An alternative view is to imagine an .advancing sea which 
progressed slowly onto the subhorizontal Precambrian erosional 
surface, depositing sandy, then shaley units which thin pro-
gressively landward. Sometimes during the time of Upper Harpers 
deposition, a slight drop of the sea level caused a regression, 
bringing a shallower sea environment. This is supported.by 
the occurrence in the Upper Harpers beds of the shallow mar'ine 
-fossil, Scolithus linearis. The migration of the shoreline sea-
ward would have been contemporaneous with the deposition of the 
41 
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. ' Montalto member of the Harpers Formation, the Antietam and the 
Hardyston Upper beds. This model would account for the presence 
of Scolithus linearis in the Chickies, in the Harpers' upp~r units, 
in the Antietam and in the Hardyston. It would explain why the 
previously mentioned Scolithus lowermost level migrates verti-
cally and upward from York County to Ada ms County . 
. r 
I 
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Figure 12 Photomicrograph of the Pre-Cambrian-Cambrian 
Contact 1n Easton, Pennsylvania 
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SUMNIARY AND CONCLUSIONS 
The sedimenta.ry framework of the Lower Cambrian Chilhowee 
-Group in northern New Jersey, Pennsylvania, and Maryland in-
dicate a general northern or northwestern provenance for the 
elastic materials forming the rocks of the group. Shale plus 
phyllite per cent elastic isoliths (see Figure 13 and Plate 2) 
show that there is a general coarsening in grain size northward. 
This suggests that sediments derived from a more northerly 
portion of the craton were carried to the shelf by rivers draining· 
the source area and then wound to the south by long-shore 
currents to the site of deposition. In all likelihood, the source 
of these sediments was the Adirondack region of New York. In 
this area, the Lowermost Cambrian sandstone resting unconfor-
mably on the Pre-Cambrian basement is the Potsdam sandstone 
< 
of Upper Cambrian (Dresbachian) age, thus the Adirondack 
region was above sea level during Lower Cambrian time. 
In southern Pennsylvania and Maryland, the shale-phyllite 
section also increases in thickness to the southeast at the 
expense of sandstone and conglomerate (Plate 2). This would 
suggest a westward cratonic source in this area in addition to 
the northern source. 
The fine-grained sediments in the Chilhowee group generally 
occurs as a westward and northwestward thinning wedge between 
. 46 
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underlying C011f]lomerates and sandstones and overlying sandstones . 
. •' 
This clearly indicates that deposition of the Chilhowee Group 
took place during a cycle of transgression followed by a brief 
regression after deposition of the Harpers Formation.· 
McBride· (1962) and others have shown that after Middle 
Ordovician times, provenance in the Appalachian region during 
at least most of Paleozoic times was from the East . 
... 
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Appendix l 
Description of stratigraphic sections for the construction 
of Plate 2, Figures 3, 13 and 14. 
Section 1 Washington County; (Maryland): Cloos, E., 1951. 
Antietam Sandstone: Whitish to bluish-gray quartzite and 
., 
sandstone to pure coarse grained quartzose sandstone, in 
•' 
places bluish or granular white or pinkish. 
Harpers Formation: Series of shales and sandstones. 
Several prominent sandstone beds occur at 100 feet above 
and 1400 feet below the top of the formation. The lower 
1500 feet are largely dark shales and slates, and the section 
is about 3100 feet thick. 
Weverton Quartzite: Section in South Mountain East of 
Weverton at Potomac River: 
Feet 
Largely concealed; some dark ferruginous 
quartzite.. . . . . . . • . . . . . • . . . . . . 50+ 
Thick-bedded, coarse to conglomeratic, hard 
ligr1t-gray quartzite, banded with purple 
(upper ledge maker) ••••.•••••.• 60±_ ) 
largely conceale,j; some dark ferruginous ) 
quartzite • . . . . • . . • • . . • . . • . l O O + ) 
-Hard white Quartzite ......•.... 40 )270.±:_ 
Largely cor1cealed; some dark ferrug- ) 
inous quartzite •.....••.•.... 100+ ) 
Softer thick bedded quartzite . . • • . . . 3 OE ) 
Thick and thin bedded granular quartzite 
(lower ledge maker) . . . . . . . • . • . . • . . 9 5+ 
450 
54 
Loudon Formation: Section described at the so·uthern 
slope of Pine Knop above the road cut. 
Feet 
Crumbly dark-banded feldspathic quartzite . . 100 
Purple banded quartzite and thin vitreous 
feldspathic quartzite, in part current bedded . 60 
Blue and purple shiny tuffaceous slate . • . . 20 
Thick coarse conglomerate of 2-4 inch pebbles 
of quartz and of red jasper, with interbedded 
shiny blue micaceous slate or phyllite • • . • . 20 
200 
Section 2 Harpers Ferry: Keith, 1894 
... 
Antietam sandstone: Fine white sandstone with 
bed s of s a nd y s ha le • . • . • • • . . . • . . 
• • 500 
Harpers Shale: Gray and blui~h gray, sandy 
sha1e, with small beds of gray sandstone .... 800-1200 
Weverton Santstone: Massive, gray and white 
sandstone, and conglomerates of quartz pebbles . 100-900 
Loudon Formation: Argillaceous slate, sandy 
shale, gray sandstone, quartz conglomerate, 
blue limestone, and white marble .•.... . . , 0-800 
Section 3 Adams County: Stose G. W. 1932. 
Antietam sandstone: Granular sandstone .... 500-800 
Harpers Schist: Gray sandy schist with 
quartzite . • . • 
• • • • • • • • • • • • • • • • .1000 
.. 
Chickies Group: Whi_te viteous quartzite with 
conglomerate at base . 
• • • • • • • • • 
Weverton sandstone: Gray and purplish 
5 5 -
• • . • • 8 00, 
feldspathic sandstone and quartz conglomerate. 750 
Loudon Formation: Arkosic-conglomerate and 
sericite slate ............•..... 550 
• 
Section 4 - Mount Holly Spring Quadrangl3: Freedman, J. 1967. 
Antietam Quartzite: The lower member is a fine grained to silty quartzite with numerous scat-
tered grains of kaolinized feldspars and local phyllitic quartzite layers; the upper member is 
a fine grained to coarse grained quartzite . • • 440+ 
Harpers Formation: The Harpers F.ormation is 
represented here essentially, by the Montalto Quartzite member, which is 2,250 feet thick. The quartzite is in the center of the formation 
and is overlain and underlain by unnamed 
phyllite members . . . . . . . • . . • . . . . . 3000 
Weverton Formation: The Formation is arkosic-
and conglomerate, but characterized by hard 
resistant ledges of conglomeratic quartzite . • 600 
Loudon Formation: It is a muscovitic quart-ite and muscovitic phyllite ...••..•.. 
Section 5 - -Rella m Hills and Pig ion Hills: Stose, G. W.; 
Jonas , A. I. , 19 3 9. 
Antietam Quartzite: The thickness is about 200 feet; 
the following section 1 mile west of Wrightsville is illustrative. 
Slabby quartzite with rusty partings and 
fossils impress ions . . . • . • . • • . . 
Coarse 1 granular porous-weathering 
fossiliferous quartzite .•..••. • • 
• • • 
• • • 
Quartzite banded with argillaceous streaks, 
Feet 
40 
10 
weath~ring granular and white coated • . . . 150+ 
Harpers Phyllite: · The rock is a true phyllite 
in this region. 
200+ 
500-800 
G.hickies Quartzite: Here is a composite section including the basal Hellam conglomerate member in the Pigeon Hills. 
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" 
Feet 
Chickies Quartzite: White vitrous quartzite 200+ 
Hella,m Conglomerate Member: Massive ) 
bedded conglomerate, some beds 20 feet thick;) 
makes high ridges and peaks. ) · 300+ 
Thin-bedded crombly conglomerate. ) 
Coarse conglomerate containing fragments ) 
of da1rk slate. ) Dark slate • • . . . . . . • • . • • • . . . 20+ 
520+ 
Section 6 
19 63. 
Womelsdorf Quadrangle: Geyer, A. R. and others 
Hardyston: At all exposures except the sma 11 
eastern ones, the Lower 20 feet of the form-
ation is a light-gray to dark-gray, coarse, 
· quartz-pebble conglomerate ..• Most of the· 
formation above the basal conglomerate is made 
of a series of fine-to medtum-grained, 
quartzite sandstone and sedimentary quartzite. 600-800 
Section 7 Reading 15' Quadrangle: ::juckwalter, T. V. , 19 62. 
Hardyston Formation: The lowest 25 feet is coarse, 
quartz-pebble conglomerate. Overlying the lower 
conglomerate is a group of conglomeratic, frequently 
feldspathic quartzites. The thickness varies between 
50 and 100 feet. 
Section 8 Phoenixville Quadrangle: Bascom, F. and Stose, G. W. 1938. 
Feet 
Antietam Quartzite: Gray-laminated quartzite, 
rust spotted and contains fossils molds . . • . 450 
Harpers: Gray sandy phyllite and mica schist 
with thin quartzite beds ..•... ; • • • • .• . 800 
Chickies Quartzite with Hellam Conglomerate 
Member: Vitreous to granular quartzite, massive 
and thin bedded, some quartz schist and mica 
schist; conglomerate bearing beds at base .•. 1000 
Section 9 Quakertown District: Bascom, F. et al., 1931. 
Hardyston Quartzite: White vitreous quartzite 
with pebbly arkosic betjs at base. . • • • . . • 300+ 
57 
Section 10 - Riegelsville Quadrangle: Drake, A. A. 
Jr. , et a 1. , 19 6 7. 
Feet 
Hardyston Quartzite: Gray, brown-weathering, 
quartz.ite, quartz pebble conglomerate, arkos ic 
sandstone, silty shale, and yellowish-brown, 
iron stained jasper. . • • . • • . • . • . • . . 10 0 -2 0 0 
Section 11 
19 6 7b. 
Bloomsbury Quadrangle:. Drake, A. A. Jr., et al, 
Hardyston Quartzite: The lith.ology is the same 
as in Riegelsville Quadrangle. 
Section 12 - Buc~ingham Valley: Willard, Bradford, 1955 • 
Hardyston: Variable, dominantly gray,· brown-
weathering, vitreous to massive quartzite, or 
arkosic sandstone, silicarenite, shale, con-
glomerate, jasper; correlative of the sandstone" 
is the much thicker Chickies Quartzite with the 
Hellam Conglomerate a.t base •••••.••.. 25-300 
Section 13 Lehigh County: Miller, B. L., 1941. 
Hardyston Formation: Contains Conglomerate, 
sandstone, quartzite, jasper, chert, shales 
and locally a micaceous material called pinite.· 200 
Section 14 Bethlehem: Miller B. L. 1939. 
Hardyston Formation: Contains conglomerate, 
sandstone, quartzite, jasper, chert, shales 
and locally a micaceous material called pinite. 
Section 15 Trenton: Ba scorn, F. et a 1. , 1909. 
Chickies Quartzite: Resistant quartzite showing 
a conglomeratic lower bed. . • . • . • • . • • 1300 
Section 16 New York City: Merrill, F. J. H. ·etal., 1902. 
Poughguag Quartzite: The quartzite is character-
istically thin, bedded, occasionally massive. 0-100 
Section 17 - Passaic Quadrangle: Darton, N. H. et al., 1908. 
No Lowermost Cambrian encountered. 
58 
... 
I 
Feet 
Section 18 Raritan Quadrangle: Bayley, W. S. et al 1914. 
Hardyston Quartzite: No uniform composition 
or thickness; typically it'is a quartzite, at 
many places conglomeratic and containing 
pebbles of quartz, feldspar, granite, gneiss, 
and hornblende schist. • . • • • . • • • . • -2 0 0 
Section 19 - ·· Franklin Furnace Quadrangle: Spencer, A. C • 
. et a 1. , 19 0 8. 
Hardyston Quartzite: It varies considerably in 
composition and thickness. Typically it is a 
quartzite, at many places conglomeratic and 
containing pebbles of quartz, feldspar, granite, 
gneiss and slate. . . • . • • . • • . • . . • -200 
( 
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Appendix 2 
Loudon Formation; stratigraphic correlation (Figure 4) 
Section 1 - Washington Count'i,r: Refer to Appendix 1.-
Section 2 Frederick County: (Cloos, 19Jl. 
Section essentially identical to the one described in \Vashington County'". 
Section 3 Caledonia Park Area: Fauth, J. L. 1968. 
Two lithologies are recognized: a basal phyllite 
and an upper conglomerate member. The conglom-. 
Feet 
erate member thickness varies from 0-200 feet. 150-430. 
Section 4 - !v1ount Holly Springs Quadrangle: refer to Appendix l . 
Appendix 3 
Chickies Formation; stratigraphic correlation (Figure 7). 
Section 1 Mount Pisgah: Stose, G. W., Jonas, A. I., 1939. 
\ 
Chickies Slate; Feet 
Thin bedded quartzite and black slate . • . . .. 25+ 
Black slate and thin platey phyllite enclosing 
a 5 foot bed of hard white coarce granular 
quartzite . • . . • . • . • . . . . • . . . • 65+ 
Thin bedded greenish quartzite (2 foot beds) 
with black slate partin_gs and interb_edded 
black slate •.••••..•.• ·. . • . • • 20+ 
Black slate, some beds banded with yellow 
earthy sandy layers and-green phyllite, 
-~ and some thin platy quartzite s • . • • . . • 
Thick bedded quartzite, some beds 12 feet · · 
thick, with thinner bedded quartzite at 
. top and bottom. . . • . . • . . • . • . . . 
Black slate with few thin quartzite beds •..• 
Hellam Conglomerate member: 
Thick beds of conglomerate containing 
. pebbles 1 1/2 inches in size, with inter-
bedded sericitic quartzite and thin black 
slate • . . • • • . . . • . • . . • • • . . • 
50+ 
60+ 
-100+ 
30+ 
.350+ 
Section 2 - Hellam Hills and Pigeon Hills: refer to Appendix 1. 
Section 3 Philadelphia: Refer to Trenton in Appendix 1 . 
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Appendix 4 
Stations used in the construction of the preliminary isopachous 
map for the Chilhowee Group (Figure 3). 
Stations 
I 
Thicknesses 
In Feet 
II Catoctin Mountain, 3200-3000 
Md. 
III South Mountain, Md 4000+-
Pa. 
IV South Franklin 4800+ 
County, Pel. 
V Mourit Holly 4500+ 
Spring Quadrangle, 
Pa. 
VI Adams County, Pa. 3900+ 
VII Hellams Hills, Pa . 
Pigeon Hills, Pa. 
VIII Mihe Ridge, Pa . 
IX Womeldorf Quad-
rang le, Pa. 
X Fleetwood Quad-
rangle, Pa. 
XI Reading, Pa. 
XII Quakertown Quad-
"' tang le 
XIII Lehigh County, Pa. 
1700+ 
1800+ 
600-800 
100+ 
50-100 
300+ 
200 
XN Eastern Pennsylvania · 200+ 
Western N. J. 
62 
References 
Stose, l946 
Stose, 1932, 1939 
Cloos, 1951 
Root, 19 68 
Freedman, 1967 
Stose, 1932 
Stose and Jonas, 1939 
Swartz, 194 8 
Geyer and others, 1963 
Buckwalter, 1962 
Bascom and others, 1931 
Miller, 1941 
Drake and others , 19 61, 
1967 
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Thicknesses 
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200+ 
1300 
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0 
200+ 
0-100 
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